This allows spatio-temporal dynamics of daily bloom coverage, timing, phyto- * Corresponding author.
borne phosphorus to the system is relatively small, amounting to 1-5% of the total phosphorus input . Due to limited water exchange with 127 the North Sea, the high nutrient levels generally remain in the Baltic Sea for up 128 to decades, resulting in nutrient over-enrichment or eutrophication and posing 129 a serious threat to the ecosystem. 
Data descriptions 144

In situ data
145
The in situ dataset was acquired from the International Council for the Ex- Briefly, in situ data such as salinity, nutrients and Chl-a were collected from The entire set of the full swath L1b imagery (more than seven hundred 173 images) was spatially extracted for the Baltic Sea, and radiometrically corrected 174 using the L1b Radiometry Processor (Ver. 1.1.1) in the Basic ENVISAT AATSR 175 and MERIS (BEAM Ver. 4.10.3.) Toolbox. A cloud probability product was 176 then generated using the Cloud Probability Processor (Ver. 1.5.203), providing 177 an improved cloud flag for cloud masking.
178
To minimise the potential errors arising from applying an atmospheric cor-9 rection, the Rayleigh corrected surface reflectance or Bottom of Rayleigh Re-180 flectance (BRR) product was determined by removing the gaseous absorption, 181 ozone and molecular Rayleigh scattering effects, which was calculated as:
where ρ * T OA is the top-of-atmosphere (TOA) reflectance after the correc-
183
tion of ozone and gaseous absorption effects, and ρ R is the reflectance from the
184
Rayleigh scattering. ρ R is calculated using the 6S radiative transfer code (Ver- The BRR dataset is then used to generate SPP images using the following 10 equations: air density (Pond & Pickard, 1983) , such that 
The sea surface wind stress is an important factor in physical oceanography,
203
as it drives the ocean circulation and controls the surface wave field genera-
204
tion and the wind-driven ocean surface current production (Wu, 1982 Cloud pixels also need to be identified and excluded before the analysis.
229
Despite that the 'cloud ' and 'bright pixel' masks were available within the BRR 230 product, clouds, such as thin cirrus, were not efficiently identified. Therefore,
231
the entire image series was first manually examined to identify cirrus, and then 232 the two cloud masks together with the corresponding cloud probability product
233
were used to mask all potential cloud pixels.
234
Apart from clouds, a few of the Baltic basins, such as GOF and GOR, are An alternative approach would be to use temporal derivatives that indicate 255 phytoplankton growth rate, see Behrenfeld (2010).
256
The gradient images are generated from each SPP image (after the removal 257 of land, cloud and sea ice), and each of the pixels within the gradient image is 258 defined as the SPP difference from the eight adjacent pixels in a 3×3 window,
259
such that:
where dy i and dx i are the variation in the SPP value and pixel location for the 261 8 neighbouring pixels.
262
At the boundary between blooms and the background water, the SPP value 263 is known to have the sharpest change that is represented by the maximum 264 value in the corresponding gradient image. Hence, the bloom-water boundary only the independent set of potential candidates was retained for the investiga- increasing SST until it reached 16.6 deg C.
Phytoplankton dynamics and cumulative bloom areas
Environmental forcing
470
For the northernmost region of BoS, the statistical analysis indicated that 
493
The results shown above demonstrate that spring eDIP is the key factor 494 influencing summer mean bloom abundance in the major Baltic basins. 
Discussion
Assessment of retrieved bloom extents
The presented bloom record was derived using the SPP approach, which was 498 originally designed for estimating phytoplankton abundances in the Baltic Sea 
540
In addition to the seasonal cycle of phytoplankton blooms, the preference of 541 different phytoplankton groups also can be used to identify the group dominance.
542
Particularly, diatoms generally prefer high salinity waters, and bloom-forming 
566
Regarding the nutrient loading, the low N:P ratio resulting from the high 567 concentration of P in the hypoxic and/or anoxic bottom layer (Kononen, 1992) 568 has traditionally been considered as a key factor governing the summer bloom 569 development (Niemi, 1979) . Whilst Wasmund (1997) suggested that a low N:P 570 ratio was a prerequisite rather than a trigger. This theory was later confirmed dance. This will not only allow the bloom record to be extended, but also be 594 beneficial to a better understanding of other bloom drivers. 
Conclusions
596
This study has presented phytoplankton phenology features for the major
597
Baltic basins using the 10-year MERIS archive and the SPP algorithm for the summer SST and PAR had relatively lower influence on the bloom abundance.
607
The finding allows new insights into the development of early warning systems 608 for summer phytoplankton blooms in the Baltic Sea.
609
Although MERIS data are no longer routinely acquired for global water 610 monitoring, data continuity is now re-established through the newly launched Seeding, variability, and contrasts with diatom bloom behaviour. Progress in
